INTRODUCTION

11
Over the past 20 years, rapid progress in satellite remote sensing, automatic field 12 observation systems, computer simulation, and the development of ecosystem analytical 13 methods such as stable isotope (SI) studies and genomic sequencing have allowed 14 ecologists to observe natural ecosystems from entirely new perspectives. For example, 15 using satellite-derived data, we can clarify the distributions of phytoplankton community 16 structures and primary production on the global scale (Behrenfeld and Falkowski, 1997; 17 Behrenfeld et al., 2005; Alvain et al., 2008; Hirata and Brewin, 2009; Okamoto et al., distributions and variation in C/N isotope ratios together with their fractionations (Wada, DeNiro and Epstein, 1981; Minagawa and Wada, 1984; Fry, 1988) . In subtropical and approximately -2‰ (Minagawa and Wada, 1986; Carpenter et al., 1997) . At high C is about -10‰, generally ranging from -15‰ to -3‰; Fry and Sherr, 1984) . This C enrichment is 1.5‰ per TL. Rau et al. (1983) showed that the average 4 increase in δ 13 C per TL ranged from 0.7‰ to 1.4‰ for samples from eastern equatorial 5 Pacific and California coastal waters, whereas about 1‰ δ 13 C per TL was reported for 6 rearing systems and sea grass meadows (DeNiro and Epstein, 1978; Rau et al., 1983; Fry 7 and Sherr, 1984).
8
Evidence suggests that SIs have the potential to reveal complex interactions, including 9 trophic interactions and energy or mass flow through ecological communities (Peterson 10 and Fry, 1987; Kling et al., 1992; Cabana and Rasmussen, 1996) . However, most precise 11 examinations of trophic fractionation have been mostly limited to freshwater ecosystems 12 (Vander Zanden and Rasmussen, 1999; Post et al., 2000; Post, 2002) . At present, the 13 magnitude of trophic fractionation of carbon isotopes in natural ecosystems remains 14 unclear and requires further study with emphasis on kinetic isotope fractionation during 15 feeding processes in marine ecosystems. For example, Δδ 13 C per TL seems to be low in 16 lakes and coastal areas and higher in pelagic areas of the ocean (Post, 2002; Wada et al., 17 1987). slope using our data combined with data from the Antarctic Ocean (Wada et al., 1987) and 2 the Gulf of Alaska (Kaeriyama, 2004) . If we could better understand both carbon and 3 nitrogen trophic fractionation within ecosystems, SIs may help to elucidate general 4 patterns in ecosystems and biogeochemical cycles. Fig.1-(b) ; Saino, 1992; Tsuda and Nemoto, 1992) -Hansen et al., 1965; Kasai et al., 2001; Saito et al., 2002) . Along the A-line, we 
Holm
Dominant zooplankton taxa (Oyashio)
24
In the Oyashio region, copepods are most the important species, constituting over 80% of total mesozooplankton biomass, followed by chaetognaths, euphausiids, and 1 amphipods (Ikeda et al., 2008 (Tsuda et al., 1999; Mackas and 8 Tsuda, 1999; Kobari et al., 2003) . In particular, the life histories of E. bungii and
9
Neocalanus spp. differ substantially. For Neocalanus spp., the peak abundance of N. smaller N. flimingeri stay for about 1.5 months (Miller et al., 1984; Kobari and Ikeda, 16 1999; Tsuda et al., 1999 Tsuda et al., , 2004 . Eucalanus bungii, on the other hand, spawns near the 17 surface layers during the spring bloom. Larvae of E. bungii prey on phytoplankton during 18 the season of high primary production and algal blooms (Miller et al., 1984; Tsuda et al., 19 2004; Kobari et al., 2007) .
21
Collection of plankton samples (Oyashio) 22 We collected specimens of copepods, amphipods, euphausiids, and chaetognaths for SI plumchrus, and E. bungii. We used copepodite stage C5 for isotopic analysis. A 8 considerable amount of algae was also collected in May by vertically towing a NORPAC 9 net from 150 m to the surface. Algae were sorted using tweezers under a 10 stereomicroscope and were also analyzed for isotopic ratios. , 1977; Monson and Hayes, 1982) . Lipids were extracted and removed from 17 samples with 1 mL methanol, 1 mL dichloromethane/methanol (7:1), and 1 mL 
RESULTS
Seasonal changes and environmental conditions at the A-line
11
We collected samples during four cruises in March, May, July, and October. Seasonal March, the mean water temperature of the Oyashio region at stations A2 to A5 was 1.1ºC 15 ± 0.5ºC (mean ± SD), and nitrate concentrations were 23.4 ± 3.1 µM. The mean water 16 temperature increased from 2.4ºC ± 0.5ºC (A2 to A6) to 12.3ºC ± 1.4ºC (A2 to A4.5) in 17 May (spring) to July (summer), whereas nitrate concentrations decreased from 18.0 ± 4.9 18 µM to 6.9 ± 4.4 µM. During this time, chlorophyll a decreased from 4.9 ± 3.1 mg m 
15
Results of isotopic data from station A1 are excluded from Table I ratios among seasons (using the data in Table I ) were inconclusive. In the Oyashio, we collected algae, E. bungii, Neocalanus spp., chaetognaths, and other zooplankton in May. Therefore, the TL of algae was 1.0, and the TL of zooplankton was 1 estimated by assuming a TL of 2.0 for E. bungii, which had the lowest value among the 2 copepods, and a TL of 3.5 for chaetognaths (Mearns, 1982) . The TL for other Tukey's HSD post-hoc tests for differences among the slopes of the fitted lines 10 revealed that AO differed significantly from OY, WCR 86B, and ALS (Fig. 7) . Both the et al., 1987; Wada and Hattori, 1991) , which may partially explain the difference 21 between zooplankton from AO and those from other regions.
22
Based on the ANCOVA tests, we obtained common slopes (parallel relationships) with The detrital food chain and the grazing food chain occur simultaneously in places such 4 as lagoons, where δ 13 C ≈ 0 (e.g. Wada et al., 1993) . In this study, we did not directly 5 observe the microbial loop. However, Kohzu et al. (1999) reported that 6 wood-decomposing fungi completely exhaust wood nitrogen without nitrogen isotope 7 fractionation under conditions of very low nitrogen availability (less than 0.07%). We However, we were only able to draw conclusions about regional differences in this relationship by combining data from several sources. More extensive observations 1 covering a range of trophic levels at each location will be needed to reach more detailed 2 conclusions (e.g., concerning seasonal differences). We gratefully acknowledge Drs. Miwa Nakamachi, Hiromi Kasai, and Tsuneo Ono for Kobari, T., Shinada, A. and Tsuda, A. (2003) Ohkouchi, N., Kawamura, K., Kawahata, H. et al. (1997) Latitudinal distributions of terrestrial 6 biomarkers in the sediments from the Central Pacific. Geochim. Cosmochim. Acta, 61, 1911 -1918 Ohkouchi, N., Nakajima, Y., Okada, H. et al. (2005) Biogeochemical processes in the saline 8 meromictic Lake Kaiike, Japan: implications from molecular isotopic evidences of photosynthetic Wada, E., Terazaki, M., Kabaya, Y. et al. (1987) 15 N and 13 C abundances in the Antarctic Ocean with 32 emphasis on the biogeochemical structure of the food web. Deep-Sea Res., 34, 829-841. 33 Wada, E. and Hattori, A. (1991) higher than the surface value (Aita et al., 2007) . Along the 
